Influenza virus polymerase, which was prepared depleted of viral RNA, was used to copy small RNA templates prepared from plasmid-encoded sequences. Template constructions containing only the 3' end of genomic RNA were shown to be efficiently copied, indicating that the promoter lay solely within the 15-nucleotide 3' terminus. Sequences not specific for the influenza virus termini were not copied, and, surprisingly, RNAs containing termini identical to those from plus-sense cRNA were copied at low levels. The specificity for recognition of the virus sense promoter was further defined by site-specific mutagenesis. It was also found that increased levels of viral protein were required in order to catalyze both the cap endonucleaseprimed and primer-free RNA synthesis from these model templates, as well as from genomic-length RNAs. This finding indicates that the reconstituted system has catalytic properties very similar to those of native viral ribonucleoprotein complexes.
The RNA-dependent RNA polymerases of animal viruses have been extensively studied with regard to many aspects of protein structure and reaction conditions. However, the elements of the template RNA which promote optimal expression by the polymerase could be studied only by inference, using existing viral RNA sequences. This promoter analysis is of interest since it is unknown how a viral polymerase recognizes specific viral RNAs from among the many host-encoded RNAs found in an infected cell. In addition, the inhibition of recognition by these polymerases may be a new approach toward developing antiviral compounds, since RNA-dependent RNA polymerase activity is not known to exist in mammalian cells.
Animal viruses containing plus-sense genome RNA can be replicated when plasmid-derived RNA is introduced into cells by transfection (13, 17) . In poliovirus, the purified polymerase will replicate a genome RNA in in vitro reactions, and when this preparation is transfected into cells it is infectious (13) . However, the template elements which serve as a transcription promoter for the poliovirus-encoded polymerase are unknown, since even RNA homopolymers can be copied (29) . SP6 transcripts have also been used to produce model defective interfering RNAs for the Sindbis virus genome. When the RNA is introduced into infected cells, it is replicated and packaged. The RNA sequences which were responsible for both recognition by the Sindbis virus polymerase and packaging of the genome into virus particles were shown to be within 162 nucleotides (nt) of the 5' terminus and 19 nt of the 3' terminus of the genome (17) . For brome mosaic virus (BMV), a positive-strand RNA plant virus, SP6 transcripts have been used to identify the promoter as a 134-nt tRNA-like 3' terminus (6) . Polymerase recognition and synthesis were shown to be dependent on both sequence and secondary structural features (5) .
The negative-sense RNA viruses have been refractory to study of the sequence requirements of the replicase. The purified polymerase of vesicular stomatitis virus is active in transcription only when virus-derived ribonucleoprotein (RNP) complexes are included as a template (4, 7, 19) . RNPs have been reconstituted from naked RNA of vesicular stomatitis virus defective interfering particles by using infected cell extracts as the protein source. These RNPs were then replicated when added back to infected cells (18) . With regard to influenza viruses, it was recently reported that naked RNA purified from virus was used to reconstitute RNPs. The viral nucleocapsid protein (NP) and polymerase proteins were gel purified and renatured on the viral RNA, using thioredoxin (26) . However, these authors did not show that the activity of the preparation was specific for influenza virus RNA, nor did they analyze the signals which promote transcription (26) .
During the course of influenza virus infection, the polymerase catalyzes three distinct transcription activities. These include the synthesis of (i) subgenomic mRNA, which contains a 5' cap and a 3' poly(A) tail; (ii) a full-length plus strand (cRNA) copied from the genome RNA; and (iii) genomic viral RNA (vRNA) synthesized from the full-length cRNA (reviewed in references 12 and 16) . Viral proteins PB2, PB1, and PA are thought to catalyze all influenza virus-specific RNA synthesis in the presence of excess NP (12, 16) . These polymerase functions have been studied by using RNP cores derived from detergent-disrupted virus and RNPs from the nuclear extracts of infected cells. Transcription from the RNPs derived from disrupted virus occurs when either dinucleotide adenylyl-(3'-5')-guanosine (ApG) or capped mRNAs are used as primers. The plus-sense mRNA products have terminated synthesis 17 to 20 nt upstream of the 5' terminus of the RNA template and have been processed by the addition of poly(A) tails. These products cannot serve as templates for the virus sense genome since they lack terminal sequences (8) . RNPs derived from nuclear extracts of infected cells also synthesize polyadenylated mRNA in the presence of capped RNA primers. However, if ApG is used under these conditions, both types of RNAs, polyadenylated mRNA and full-length cRNA, can be observed (1, 27) . Recently, it was shown that replicative synthesis of cRNA could occur in the absence of exogenous primer if the nuclear extract was harvested at certain times postinfection. In these same preparations, the synthesis of negative-sense vRNA from a cRNA template INFLUENZA VIRUS RNA POLYMERASE PROMOTER 5143 was shown to be dependent on the presence of NP which was free in solution (1, 24) . These findings led to the suggestion that the regulatory control between mRNA and cRNA synthesis by the RNP complex is based in part on the requirement for an excess of soluble NP (1) .
Another line of investigation has focused on the preparation of polymerase-RNA complexes derived from RNPs from detergent-disrupted virus. When the RNP complex is centrifuged through a CsCl-glycerol gradient, the RNA can be found associated with the three polymerase (P) proteins at the bottom of the gradient. Near the top of the gradient, free NP can be found (10, 14) . These upper fractions have been shown to contain small amounts of polymerase proteins (this report). The purified polymerase-RNA complex (bottom of gradient) is active in initiating ApG-primed synthesis of RNA but fails to elongate to more than 12 to 19 nt. When fractions from the top of the gradient containing the NP are added back to the polymerase-RNA complex, elongation can ensue (9) . These data suggest that the NP is needed for elongation but that initiation can occur in the absence of NP.
It has been shown that the genomic RNA of influenza viruses is in a circular conformation via base pairing of the termini to form a panhandle of 15 to 16 nt (10, 11) . Since the viral polymerase was found bound to the panhandle, this led to the suggestion that a panhandle structure is required for recognition by the viral polymerase (10) . Therefore, it was hypothesized in these two reports that the promoter for the viral RNA polymerase was the double-stranded RNA in panhandle conformation.
In this study, we prepared, from the upper fractions of the CsCl-glycerol gradient centrifugation, polymerase which was depleted of genomic RNA. This polymerase was able to copy short model templates which were derived from transcription of appropriate plasmid DNA with bacteriophage T7 RNA polymerase in a sequence-specific manner. The termini of this model RNA are identical to the 3' 15 nt and the 5' 22 nt conserved in segment 8 from all influenza A virus vRNAs. By manipulating the plasmid in order to prepare different RNAs to serve as templates, we demonstrated that recognition of and synthesis from this model RNA were specific for the promoter at the 3'-terminal sequence and did not require the panhandle. In addition, site-specific mutagenesis identified nucleotide positions responsible for the viral polymerase, favoring synthesis from genomic-sense templates over complementary-sense RNA. Conditions were also found under which cap endonuclease-primed RNA synthesis could be observed, using model RNAs. In addition, the reconstituted system permitted virus-specific synthesis from genome-length RNAs, derived either from plasmids or from RNA purified from virus through phenol extraction.
MATERIALS AND METHODS
Purification of the viral RNA polymerase. RNP cores were prepared from whole virus by standard methods (20, 22 MgCl2-2 mM dithiothreitol-50% glycerol.
Preparation of plasmid. The plasmid design is shown (see Fig. 2 ). Insert DNA for the pV-wt plasmid (see Fig. 2 ) was prepared by using a DNA synthesizer (Applied Biosystems). The top strand was 5'-GAAGCTTAATACGACTCA CTATAAGTAGAAACAAGGGTGTTTTTTCATATCATT TAAACTTCACCCTGCTTTTGCTGAATTCATTCTTCTG CAGG-3'. The bottom strand was synthesized by primer extension, with 5'-CCTGCAGAAGAATGA-3' as the primer. The 95-base-pair DNA was digested with HindIII and PstI and purified by extraction with phenol-chloroform, ethanol precipitation, and passage over a NACS-prepack ion-exchange column (Bethesda Research Laboratories). This DNA was ligated into pUC-19 which had been digested with HindIll and PstI and then used to transform Escherichia coli DH5-a, which had been made competent by standard protocols. Bacteria were spread on agar plates containing X-Gal (5-bromo-4-cloro-3-indoyl-,3-D-galactopyranoside) and IPTG (isopropyl-,-D-thiogalactopyranoside), and blue colonies were found to have the plasmid containing the predicted insert since the small insert conserved the lacZ reading frame and did not contain a termination codon. The pM-wt plasmid was prepared by a similar strategy, except that both strands were chemically synthesized, with the upper strand having the sequence 5'-GAAGCTTAATAC GACTCACTATAAGCAAAAGCAGGGTGAAGTTTAAA TGATATGAAAAAACACCCTTGTTTCTACTGAATTCA TTCTTCTGCAGG-3'.
The pV-d5' plasmid (see Fig. 2 ) was prepared by using the oligonucleotides 5'-AGCTTAATACGACTCACTATAA GATCTATTAAACTTCACCCTGCTTTTGCTGAATTCAT TCTTCTGCA-3' and 5'-GAAGAATGAATTCAGCAAAA GCAGGGTGAAGTTTAATAGATCTTATAGTGAGTCG TATTA-3'. The DNAs were annealed and ligated into the HindIII-PstI-digested pUC-19, and white colonies were found to contain the correct plasmid because this insert resulted in a frameshift in the lacZ gene. The point mutants were isolated following digestion of pV-dS' with BglII and PstI and ligation of the linearized plasmid with a singlestranded oligonucleotide of mixed composition. Since BglII leaves a 5' extension and PstI leaves a 3' extension, a single oligonucleotide was all that was necessary for ligation of the insert. The host cell was then able to repair gaps caused by the lack of a complementary oligonucleotide. Oligonucleotides were designed to repair the frameshift in the lacZ gene so that bacteria which contained mutant plasmids were selected by their blue color.
Plasmid pHgaNS, which was used to prepare an RNA New England Nuclear Corp.). The reaction mixtures were assembled on ice and then transferred to a 30°C water bath for 90 min. The reactions were terminated by the addition of 0.18 ml of ice-cold 0.3 M sodium acetate-10 mM EDTA and were then extracted with phenol-chloroform (1:1 volume ratio). Following the first extraction, 15 ,ug of poly(I)-poly(C) RNA was added as a carrier, and the sample was extracted again with phenol-chloroform. The samples were then extracted with ether and precipitated in ethanol. Following centrifugation, the RNA pellet was washed twice with 70% ethanol and then dried under a vacuum.
In reactions using the high concentration of polymerase, conditions were identical to those described above, except that 20 ng of template RNA was added. In reactions using genome-length RNAs, the amount of polymerase used was doubled, 50 ng of template RNA was used, and the UTP concentration was raised to 2.6 ,uM.
The RNA was suspended in a dye mix containing 78% formamide, 10 mM EDTA, 0.1% xylene cyanol, and 0.05% bromophenol blue. Typically, a sample from this RNA was electrophoresed on an 8% polyacrylamide gel in the absence of urea, the remainder was denatured by being heated to 100°C for 1.5 min, and then some was loaded on an 8% polyacrylamide gel containing 7.7 M urea. Gels were fixed by a two-step procedure, first in 10% acetic acid and then in 25% methanol-8% acetic acid. Gels were dried onto filter paper and then exposed to X-ray film.
When different RNAs were being tested for use as templates, the RNA preparations were always analyzed on polyacrylamide gels and stained with silver so that equal amounts of each template were used. In order to quantitate the amount of product, gels were exposed to X-ray film in the absence of an intensifying screen to improve the linearity of the densitometer readings. Autoradiographs were analyzed by using an FB910 scanning densitometer (Fisher Biotech), and peaks were evaluated by using computer software from Fisher Biotech.
Nuclease analysis of reaction products. For RNase T1 analysis of the two principal RNA products, reaction products were analyzed by 8% polyacrylamide gel electrophoresis (without urea), and the gel was not treated with fixative. The wet gel was exposed to an X-ray film, and the appropriate gel pieces were located and excised. The gel piece was crushed in 0.3 ml containing 10 mM Tris (pH 7.5), 1 (A/PRJ8/34) were prepared by disruption of virus in lysolecithin and Triton N-101 followed by glycerol gradient centrifugation (22) . Fractions containing cores were then subjected to a second centrifugation in a CsCl-glycerol step gradient (10) . Fractions containing the polymerase were identified by gel electrophoresis of samples followed by silver staining. Figure 1 shows the polymerase preparation after CsCl centrifugation. Bovine serum albumin was added during dialysis to protect against protein loss.
The overall design of the plasmids used to prepare template RNAs in this study is depicted in Fig. 2 . The entire insert was prepared by using oligonucleotides made in a DNA synthesizer, which were then cloned into the polylinker of pUC-19. The insert contained a truncated promoter sequence recognized by the bacteriophage T7 RNA polymerase (25) , so that the first nucleotides synthesized were the terminal 22 nt of the conserved sequence from the 5' end of the genome RNA. When the plasmid was cut with restriction endonuclease MboII (which cuts 7 bases upstream of its recognition site), the RNA which resulted from T7 RNA polymerase transcription ended with the terminal 3' nucleotides of the influenza virus sequence. Included in the sequence was the poly(U) stretch adjacent to the 5' end of the conserved terminus, which is thought to constitute at least part of the termination-polyadenylation signal (21 When the polymerase reaction was terminated by the addition of excess buffer favorable for nuclease S1 digestion and nuclease was added, the radioactively labeled product was resistant to digestion (Fig. 3B, lane 2) . These conditions very efficiently digested the V-wt single-stranded RNA radioactively synthesized with T7 RNA polymerase (Fig. 3B,   lanes 3 and 4) . These nuclease Si data confirmed that the opposite strand was indeed being synthesized in these reactions. The product of the reaction might be a doublestranded RNA, but it could not be ruled out that the product was in fact single stranded and later annealed to the template RNA in the presence of the high salt concentration used in the nuclease reaction.
The RNA products were purified by electrophoresis on an 8% gel, excised, eluted from the gel, and then digested by RNase T1. The products were analyzed by electrophoresis, and the patterns were compared with those generated by RNase T1 digestion of internally labeled M-wt and V-wt control probes. Although the T1 digestion was probably partial, the full-length RNA (Fig. 3C, lane 1) had a pattern identical to that of the plus-sense RNA, M-wt (Fig. 3C, lane  3) , and did not have the pattern of the V-wt RNA (Fig. 3C,  lane 4) . The observed pattern was essentially identical to that which is predicted from the sequence of the RNA and thus showed that the polymerase faithfully copied the V-wt template. The smaller RNA product, a doublet with most templates, was also digested with RNase T1. Its pattern was similar to that of the full-length RNA product (Fig. 3C, (Fig. 4A, lane 2) , as has been repeatedly found for the viral polymerase (2, 27, 28) . Also, the optimum salt conditions were 60 mM NaCl (Fig. 4B, lane 2) , again consistent with conditions used previously by several groups (2, 10, 24) . Figure 4C shows a time course experiment. The amount of RNA synthesis appeared to increase roughly linearly for the first 90 min, as was found for viral RNPs (27) Table 1 .
EcoRI, PstI, or SmaI, and T7 polymerase was used to transcribe RNA. This resulted in RNAs identical to V-wt except for the addition of 5, 13, and 38 nt at the 3' end. An overexposure of an autoradiograph is shown in order to demonstrate that no transcripts over background were observed in reaction mixtures which contained the following as templates: two of the RNAs identical to V-wt except they contained 13 and 38 nt of extra sequence on the 3' terminus (Fig. 5A, lanes 1 and 2) , a single-stranded DNA with a sequence identical to that of V-wt (Fig. SA, lane 4) , and an unrelated 80-nt RNA generated by transcribing the polylinker of pIBI-31 with T3 RNA polymerase (Fig. SA, lane 5) . However, the RNA (V-Eco) derived from the EcoRI-digested template, containing 5 extra nt on the 3' end, could be recognized and faithfully transcribed, although at approximately one-third the efficiency of the wild-type V-wt RNA (Fig. SB, lane 3) . Also of interest was that the initiation on the V-Eco RNA by the influenza virus polymerase appeared to occur at the correct base, since the transcribed RNA was the same size as the product from the V-wt template.
Analysis of the promoter region for the viral RNA polymerase. The original construct used for these studies contained the sequences of both RNA termini of genomic RNAs which could base pair and thus form a panhandle. This was done since it was shown that the vRNA in virions and in RNPs in infected cells was in circular conformation via the 15-to 16-nt-long panhandle (10, 11) . It was further shown that the viral polymerase was bound to the double-stranded structure (10) , thus leading to the suggestion that the promoter for RNA synthesis was the panhandle. In order to test whether the panhandle was an absolute requirement for recognition, the following templates were used. Plasmid pV-wt was digested with DraI prior to transcription by the T7 polymerase (Fig. 2) . This process should result in an RNA molecule of 32 nt containing only virus-specific sequences from the 5' end of the RNA. When this RNA was used as a template, no apparent product was produced (Fig. SB, lane 2) . Therefore, the 3' terminus of virion RNA was required for this reaction. This finding was not surprising, since the initiation site at the 3' end of V-wt was not present in this RNA (V-Dra). A second plasmid clone was produced which deleted the 5'-terminal sequences but kept intact the 3' terminus. This clone, pV-d5', when digested with MboII and used for transcription by T7 polymerase, produced a major transcript of 30 nt and minor species of 29 and 31 nt (data not shown). Surprisingly, this template was recognized and copied by the influenza virus polymerase. The product of the viral RNA polymerase reaction with V-d5' contains multiple bands reflecting the input RNA (Fig. 6, lane 1) . When the products shown in Fig. 6 , lane 1, were eluted from gels and subjected to RNase T1 analysis, the pattern expected of the transcription product of V-d5' was observed (data not shown). Since the V-d5' RNA template was copied, the panhandle was not required for viral polymerase binding and synthesis.
Although the 5' terminus was not required for synthesis by the polymerase, a distinct possibility was that the V-wt RNA might be a preferred template compared with V-d5'. To examine this possibility, reaction experiments were done in which the templates were mixed. The V-wt RNA was present at 5 ng in each reaction mixture. The V-d5' was (Fig. 7, lane 1) (Fig. 7, lane 2) . When the two templates were present in equimolar amounts, the level of synthesis from V-wt was about 60% of the total (Fig. 7, lane 3 (Fig. 2) . When the M-wt RNA was used as the template, little synthesis was observed (Fig. 5B, lane 4) . In two experiments used for quantitation, the average level of synthesis from M-wt RNA was 4% of that of V-wt. Comparing the V-wt and M-wt RNA promoters, the M-wt has only three transition C Oa changes and one point insertion within the 3' 15 nt. These include a G to A change at position 3, a U to C change at _ , C position 5, a C to U change at position 8, and an inserted U < LO between nt 9 and 10 ( Table 1 ). In order to determine which of the four point differences in the 3' termini were responsible for this specificity, many combinations were prepared and assayed for efficiency as a template (Fig. 6 ). These templates were derivatives of V-dS', since they did not contain the 5' terminus. Since small variations were seen 3 4 between duplicate experiments, the averages of densitometry scans from several trials are given in Table 1 . Single point As polymerase. (A) changes in V-d5' were equally well copied compared with ApG (lane 2) or no V-d5' itself, except for the V-A3 RNA, which was copied at lyacrylamide gels 40% efficiency (Fig. 6 , lane 10; Table 1 ). When RNAs with polymerase reactwo changes were tested, the activity generally dropped to uffer (lane 1), and very low levels (Fig. 6, lanes 3, 4, and 5 ). Therefore, these ;estion conditions, experiments confirmed that the specificity of the reaction for was treated with V-wt over M-wt was the result of the combination of the 4). (C) RNase Ti nucleotide changes present at the 3' terminus of M-wt. oducts of the viral Cap endonuclease-primed RNA synthesis. The method of ite were subjected purifying the viral polymerase was modified in order to the 53-nt band and decrease the loss of protein during dialysis. Rather than analyzed by elecusing the Amicon Centricon-10 dialysis system, the enzyme ngl7.7Murea.lFor was dialyzed in standard membranes, which resulted in As which had been higher concentrations of all four viral core proteins. The ilso analyzed with pattern of the protein gel of this preparation was identical to otides of the conthat shown in Fig. 1 (Fig. 8A, lane 2) . When globin mRNA was ibout one-fourth template, a triplet of bands of about 42 to 44 nt as a product (Fig. 8A, lane 4 the optimal amount of cap donor RNA added to each from the 30-nt reaction mixture was found to be 100 ng, which is much lower than is usually used with preformed RNP structures (3) . The most effective primer was ApG (Fig. 8A , lane 5 and
lighter exposure in lane 6). The product migrated more z slowly than that of the input template (Fig. 8A, lane 1) product in the absence of primer (Fig. 8A, lane 2) , probably CO > since the 5' terminus of the ApG product is unphosphorylated. The intensity of the ApG-primed product was about 10-fold higher than that of the cap-primed product, but at 0.4 mM ApG was at a 60,000-fold molar excess of the concentration of the cap donors. Thus, although the intensity of the product band from cap priming was about 10-fold lower than that from ApG priming, the cap-primed reaction was about 6,000-fold more efficient on a molar basis. This value is similar to the approximately 4,000-fold excess efficiency Different template RNAs were used in reactions under standard conditions. Lanes: 1, V-Pst RNA, which is identical to V-wt except that it has a 13-nt extension at the 3' end; 2, V-Sma RNA, which has a 38-nt extension at the 3' end; 3, V-wt RNA; 4, a DNA polynucleotide with a sequence identical to that of the V-wt RNA; 5, an 80-nt RNA generated by bacteriophage T3 RNA polymerase transcription of a pIBI-31 plasmid digested with HindIll. The autoradiograph was overexposed in order to emphasize the absence of specific reaction products when these templates were used. (B) A 10-ng sample of each template RNA was incubated with the viral polymerase, and the products were then subjected to electrophoresis on 8% polyacrylamide gels containing 7.7 M urea. Lanes: 1, V-wt RNA; 2, V-Dra RNA; 3, V-Eco RNA; 4, M-wt RNA. For the exact sequence differences, refer to Fig. 2 The reaction products were analyzed on an 8% polyacrylamide gel in the presence of 7.7 M urea. Following densitometry analysis of autoradiographs, the relative intensity of each peak was corrected for the amount of radioactive UMP which was incorporated in each product.
observed previously for the viral polymerase (3). It has been previously shown that cap donor RNAs containing a cap 0 structure, as in BMV RNA, are about 10-fold less active in priming the influenza virus polymerase (3). This unusual cap specificity was shared by the reconstituted RNPs studied here, as the specific product from the model RNA was greatly decreased in reaction mixtures containing BMV RNA as the cap donor. A 30-nt product was observed (Fig.  8A, lanes 2 to 4) , probably because of primerless replication of the model template.
That the product RNAs were of the opposite sense of the input template V-d5' was shown by nuclease Si analysis (Fig. 8B) . The ApG-primed (Fig. 8B, lanes 1 and 2) and the 10 ,ul of the high-concentration polymerase (Fig. 9, lane 8) . That the RNA was in fact a copy of the template was demonstrated by its resistance to nuclease Si (Fig. 9, lane 9) . A similar product was observed in the absence of primer (Fig. 9 , lanes 2 and 3). That these product RNAs contained full-length copies of the template was confirmed by RNase T1 analysis (data not shown). Virion RNA purified from phenol-extracted A/PR/8/34 virus was similarly copied in an ApGprimed reaction (Fig. 9, lanes 10 and 11) and in the absence of primer (Fig. 9, lanes 4 and 5) . In addition, we found that when whole viral RNA was used in the reconstituted RNPs, the level of acid-precipitable counts was about 70% of that observed with native RNPs (data not shown). The viral polymerase was also able to copy these full-length RNAs when globin mRNA was used in a cap-primed reaction (data not shown).
DISCUSSION
RNA synthesis from a model template RNA. This study is the first to define promoter sequences for a polymerase of a negative-sense RNA virus, and it was found that the specificity lies in the 3'-terminal 15 nt. The RNA synthesis by the viral polymerase studied here is a model for specific recog and 4) , or globin mRNA (lanes 5 and 6) were electrophoresed in the absence of urea, the appropriate gel piece was excised, and the RNA was eluted. This RNA was then digested with nuclease Si (lanes 2, 4, and 6), and the products were denatured and analyzed on an 8% polyacrylamide gel containing 7.7 M urea. mini in RNPs were found to be sensitive to RNase V1, which recognizes and cleaves double-stranded RNA, and the viral polymerase was found to be bound to both termini in the panhandle conformation (10) . In these studies the panhandle structure of the genomic RNA was shown to exist, and it was inferred to play a role in polymerase recognition. Although the template RNAs in the present study were originally prepared to reveal panhandle-specific protein binding, it was found that the terminal panhandle had no obvious role in the polymerase reactions studied here.
Purffied RNA polymerase specifically copies negative-sense templates. The viral polymerase was shown to synthesize RNA with optimal efficiency if the template had the wildtype negative-sense 3' terminus. It was shown that RNAs of unrelated sequence were not copied and that those with extra polylinker sequences on the 3' end were much less efficiently copied. A DNA of the correct sequence was similarly unsuitable as a template. The reaction was highly specific, since the M-wt template was replicated only at very low levels. Even though our source of polymerase was intact virus, this finding was very surprising, since it had never been suggested that the polymerase which recognizes the virus sense RNA would not efficiently copy the plus-sense strand. Studies are under way to examine the specificity of the polymerase purified from infected cells at times postinfection when the cRNA is copied into genomic templates. The present data support a model whereby the viral polymerase which copies vRNA is functionally different from that which synthesizes vRNA from cRNA by virtue of promoter recognition. It is possible that by regulated modification of the polymerase in infected cells the polymerase then becomes capable of recognizing the 3' terminus of plus-sense RNA. By analyzing promoter mutants, we investigated the fine specificity of the reaction and found that the only single mutation which generated a significantly lower level of synthesis was that of V-A3 RNA. Furthermore, combinations of two or more point changes in positions 3, 5, 8, and 10 greatly lowered synthesis levels.
High concentrations of polymerase are required for capprimed RNA synthesis. The original polymerase preparation did not catalyze cap endonuclease-primed transcription under the specified conditions. However, fivefold-higher amounts of this original polymerase preparation (data not shown) or new polymerase prepared at higher concentrations were both able to catalyze this virus-specific reaction. It has been observed that although the NP selectively encapsidates influenza virus vRNA or cRNA in vivo, in vitro the NP will bind to RNA nonspecifically (15, 23 
